To identify the better option of treatment, we compared the surgical results and efficacy of combined anteriorposterior approach versus posterior fixation alone. Methods: During a 10 years period from 2002 to 2011, 111 patients with thoracolumbar burst fracture was surgically managed at our institute. 25 patients were managed by a combined anterior-posterior surgery and 86 patients were managed by posterior fusion alone. Radiographs were repeated at 3, 6, 12 and 24 months after operation. Radiologic outcome was evaluated by measuring Kyphotic angulation and vertebral height and the clinical outcome was evaluated by visual analogue scale (VAS) score comparison. Results: The average Cobb's angle difference between immediate post operative and last follow up was 15.0° in combined 360-degree fusion group and 7.5° in posterior surgery alone group. A corrections of vertebral body height between immediate post operative and last follow up was 2.27 mm in 360-degree fusion group while 0.59 mm in posterior fixation group. The VAS score decreased from 8.4 to 2.2 after post operation 24 months in 360-degree fusion group and the posterior surgery alone group decreased 9.3 to 6.2 after post operation 24 months.
Introduction
The optimal management of thoracolumbar fractures remains a matter of debates. A variety of treatment options is both available and effective, but none has been definitively proven superior. Especially in cases of anterior column involvement, the questions of how theses fractures should be approached and stabilized remains unanswered. Many authors have advocated conservative managements 5, 8, [19] [20] [21] 23) especially in stable fractures without neurological injury. But the risk of delayed neurological deterioration or the development of painful kyphosis are not well defined. Denis et al. 11) reported 17% neurological complications and 17%
severe kyphosis after nonoperative treatment. Decompression and stabilization surgeries can be performed anterolaterally or posteriorly. When the posterior route is used, access to the canal is gained by laminectomy or facetectomy. Posterior stabilization generally requires longer segment fixations which are placed more than two levels above and below the site of injury. 18, 22) The anterolateral retropritoneal approach allows the surgeons to perform corpectomy and fusion, reconstructing the anterior and middle column of the spine. And both the anterolateral and the posterior approaches have been associated with favorable result. 18, 22) Here we present result of two groups of patients in whom a staged posterior fusion following anterolateral fusion and posterior fixation only for unstable thoracolumbar burst fractures during follow up periods.
Materials and Methods

Patient population
During 10 years period from 2002 to 2011, 111 patients with thoracolumbar burst fracture was surgically managed at our institute.
Twenty-five patients were managed by a combined anterior-posterior fusion (360-degree fusion) and 86 patients were managed by posterior fixation alone.
Indications for 360-degree fusion were loss of vertebral body height by more than 50%, severe compromise of the spinal canal, and instability such as three column injury and fracture dislocation with or without neurological deficits. The other patients were treated with only posterior pedicle screw fixation with or without posterior decompression. The patients' demographics are summarized in Table  1 and 2 .
Pain scale and radiographic analysis All patients were questioned their pain scales using visual analogue scale (VAS) at a regular follow up day. On admission, all patients underwent plain (anterior-posterior and lateral) supine radiographs in CT and MR imaging. Kyphotic angulation was determined by evaluating lateral radiographs on which we measured the angle of intersection of the adjacent intact endplates rostral and caudal to the fracture (Cobb's method). Interbody height was measured between the anterior-superior endplate of the lower non-injured vertebra and the anterior-inferior endplate of the upper non-injured vertebra. Postoperative spinal alignment, hardware position and the presence of a fusion mass were evaluated on AP and lateral radiographs.
Operative technique
In 360-degree fusion group, staged operation were performed by posterior fusion with or without decompressive laminectomy followed by anterolateral fusion using expandable cage after corpectomy. Posterior fixation was performed first because of the useful kyphotic correction at the prone position that maintained stabilization and decompression of the spinal canal by laminectomy simultaneously. One week later, we did anterolateral fusion. An extrapleural and retroperitoneal approach with removal of the left tenth or eleventh rib was used to expose the thoracolumbar junctions. The twelfth rib was not removed from most patients because it is too small to obscure the operative field. The intervertebral discs cephalad and caudad to the injured level were almost completely excised, leaving the anterior longitudinal ligament intact. The displaced fragments of the vertebral body in the spinal canal were removed from the anterior aspect of the posterior longitudinal ligament with using a long sharp curettes, high speed drill, and punch. We placed the Synex expandable cage (Synthes Ltd., Mississauga, ON) in distractive corpectomy space ( Figure 1 ).
Follow up data
Follow up examinations, including standing or upright AP and lateral radiography, were scheduled at 3, 6, 12 and Statistical analysis Data were analyzed using analysis of variance, the Wilcoxon test, and the Fisher exact test. Data were presented as mean±standard deviation (SD). Significance was accepted at a probability value of less than or equal to 0.05. The SPSS v.17.0 (SPP Inc., Chicago, IL) statistical package was used for all calculations.
Results
Patient population
There were no significant differences between the two groups with respect to age, sex, duration of follow up and fractured level.
Radiologic outcomes
Kyphotic angle
After the operation, in 360-degree group (Group A), intraoperative correction as determined by comparison with the kyphotic angle before the operation was 16.9±5.25° while posterior fixation group (Group B) was 12.4±7.58°. In addition, there was 15.0±2.28° of kyphotic angle correction at final follow up, as determined by comparison with the kyphotic angle before the operation in group A, while 7.5±6.56° in group B. Between group A and B, there were a statistically significant differences in the degree of kyphotic angle correction at intraoperative and final follow up (p＜0.05). In addition, there were changes of kyphotic angle, including 1.9±1.26° in group A, 4.9±4.33° in group B between the surgery and last follow up. These results are summarized in Table 3 .
Vertebral body height
In group A, intraoperative correction of vertebral body height was 8.15±4.22 mm and in group B, it was 3.89±2.65 mm. In addition, at the final follow up, group A has 2.27± 3.29 mm of correction in body height as compared with the interbody height before the operation but in group B has 0.59±4.33 mm interbody correction. There was a sta- ＜0.345 *group A was 360-degree fusion group and group B was posterior fixation group. OP: operation, F/U: follow up tistically significant difference between the two groups in terms of the correction as compared with the preoperative result (p＜0.05). These results are summarized in Table 2 .
Fusion level
As for posterior pedicle screw fixation, mean fixation level was 2.3 in group A, and 4.3 in group B (p＜0.05).
Clinical outcomes
Postoperative pain
Patients' VAS score was highest at preoperative period (on admission) in both groups and it decreased gradually. After 3 months surgery, VAS score of group A was less than group B statistically significantly (4.36 vs. 7.55, p＜0.05), and it last at the final follow up (2.24 vs. 6.23). These results are summarized in Figure 2 .
Complications
There was no case of mechanical failure fracture, or dislocation of the 360-degree fusion using combined anterior and posterior stabilization. But there was 2 case of screw dislocation at post operative follow up periods (12 month) in posterior fixation (group B). There was 1 case of pneumonia in a critically ill patient whose mobilization was impaired by associated with multiple rib fractures and severe lung contusion in 360-degree fusion group (group A). In group B, four patients were having neurologic deterioration and progressive kyphosis, so they had an operation for anterior fusion almost 12 months after posterior fixation.
Discussion
Burst fracture of the thoracolumbar spine may cause instability and deformity of the spine as well as neurologic damage.
12) The extent of instability is determined by identification of the fracture pattern according to any number of classification, all of which describe trauma to two or three of the columns as defined by Denis. 12) Historically, a posterior approach with or without decompression along with placement of intersegmental instrumentation has been much more popular than either an anterior approach or combined anterior-posterior approach. 10, 25) Those who support posterior instrumentation with or without transpedicular decompression cite excellent results in spinal stability, anatomical alignment, postoperative neurologic improvement, and low patient morbidity. 1,7.9,13-15,17) Today, controversy still surrounds the approach for decompression of an unstable thoracolumbar burst fracture.
The posterior approach has been attractive due to the familiar anatomy and approach. This method can be performed in a timely fashion without the assistance of a general or vascular surgeon, and its use helps avoiding thoracotomy associated complications such as iatrogenic vascular, bowel, or pulmonary injuries. 24) We think that the success of this technique for achieving deformity reduction depends on the presence of an intact posterior longitudinal ligament and annulus fibrosus of the intervertebral disc. Direct canal decompression can be achieved using an anterior procedure. One benefit of the anterior approach is that it permits more direct and complete decompression of the spinal canal, potentially resulting in better neurological outcomes. Esses et al. 16) reported a prospective randomized study of 40 patients who underwent either anterior decompression or posterior transpedicular distraction. They found no intergroup differences with respect to Frankel grade improvement or kyphosis correction, although canal decompression was substantially greater after completion of the anterior operation. Anterior decompression and instrumentation augmented fusion for thoraco-lumbar fractures can be effectively restore vertebral body height and correct the kyphotic deformity. Briem et al. 6) observed a loss in vertebral body height only in posterior stabilization group. In our study, the progression of kyphotic deformity and loss of vertebral body height after the surgery is more in posterior fixation group than 360-degree fusion group. It is noteworthy feature that maintenance of vertebral alignment in 360-degree fusion is superior than posterior fixation. Also anterior column support can negate the need for long segment fixation. 26) Our data showed a statistically significant reduction of fusion level in 360-degree fusion group than posterior 3, 4, 18) In 1 series of 70 patients with thoracic and lumbar fractures, 25% of the screws adjacent to the fracture bent or broke, while the hardware was removed from 4 patients as a result of pain or it becoming prominent. 22) Our series showed similar outcome that group for 360-degree fusion had no mechanical failure while 3 patients had loosening or displacement of screws in posterior fixation. Been and Bouma 2) reported the results of combined anterior and posterior stabilization surgery for unstable thoracolumbar burst fractures. The improvement of the kyphotic correction between the combined AP approach (3.3±7.7°) and the posterior fusion only (4.1±12.4°) approach was significantly greater in the combined surgery. Use of 360-degree fusion and posterior fusion combined with anterolateral fusion for unstable thoracolumbar burst fractures has many benefits, including kyphosis correction, canal decompression, and spinal stabilization. But in our series, these approaches also have the risk. Many postoperative complications such as infection, hypovolemic shock, and other medical problems might be avoided.
Conclusion
In the present study, staged 360-degree fusion is favorable approach than posterior fixation in terms of kyphotic angle correction, interbody height, fusion level and postoperative pain for thoracolumbar burst fractures. ■ The authors have no financial conflicts of interest.
